The purpose of this study is to empirically examine the contribution of higher education to labor productivity at the national level, using company-based panel data. The panel data from 1990 to 2007 was used, which was from the national panel institution Korea Information Service -Financial Accounting System (KIS-FAS).
I. Introduction
Globalization and knowledge-based economy are rapidly spreading with the recent advent of postinformation and ubiquitous computing in recent society. At this time of moment with intense international competition, to secure national competitiveness is emerging as a vital task. Many researchers are suggesting that creative and high-quality knowledge and technologies are the source of national competitiveness (Choi, 2002; Choi, 2008) . In other words, high-quality knowledge should increase strengthen the competitiveness of companies and nations.
To examine the relationship between education and economic development, Harbison & Myers (1964) looked at the relationship between human resource development through education and economic development, considering a variety of factors contributing to economic development. They found that the human resource of a country is the core factor for the economic development of the country. This result is used as an essential standard to measure the economic growth and modernization of countries.
Harbison & Myers empirically analyzed the correlation among selected indices for educational development and economic development of 75 countries in order to study the relationship between education and economic growth of each country. They suggested that educational development brings economic development by showing a meaningfully high correlation between composite index 1 which signifies educational development, and Gross National Product (GNP) per capita which signifies economic development.
At the level of a company, a number of studies researched the relationship between the change of the rate of people with higher education among economically active population and productivity. (Applebaum et al., 2000; Bartel, 2000; , Black & Lynch, 2001; Barrett & O'Connell, 2001; Fey et al., 2001; Hatch & Dyer, 2004; Zwick et al., 2005; Wright et al., 2005; Conti, 2005; Dearden et al., 2006) . These studies empirically examine the relationships between the change of the rate of people with higher education among economically active population and productivity and the effect of them using short-term panel data of only two to three years. They can also provide implications for the importance of higher education, but that is not enough to evaluate the significance of human capital at the national level.
Moreover, these studies failed to provide common conclusions about the importance of higher education, which might have resulted from analysis data 2 , estimation methods, and research model. 3 In order to investigate how much influence the improvement in the quality of quantitative human capital has on labor productivity at the national level, the relationship between education and labor productivity needs to be studied, taking into account factors of labor productivity mentioned in the previous research by Harbison & Myers. This study tries to overcome the limitation in Harbison & Myers's examination of the relationship between education and economic growth and the effect of them namely that they only used cross-section data collected 1 Composite index is one of the nine index for educational development by Harbison and Myers. It was calculated after multiplying the percentage of college enrollment by five and adding the percentage of elementary school enrollment and secondary school enrollment.
2 Considering the characteristics of human capital, the use of relatively short-term panel data of two to three years cannot solve the problem of simultaneous bias, which means that company productivity can have an effect on the investment to higher education as well as the investment to higher education has an effect on company productivity (Hirsch, 2004) . 3 These studies failed to solve the problem of parametric bias caused by omitted variables or unobserved variables such as the capacity of a company, which are regarded as influential factors for labor productivity (Bartel, 2000) .
from late 1950s to early 1960s and correlation coefficient. The panel data 4 at the level of a company was used to research the relationship between education and labor productivity and the effect of them over time.
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The purpose of this study is to empirically analyze the effect of the change in the rate of people with longterm higher education among economically active population on labor productivity. To achieve this purpose, this study includes control variables in regression formulation, which explains labor productivity, and compares and contrasts various regression models from the perspective of the contribution of higher education to labor productivity. The estimated result of cross-section data and panel data in the level of a company were compared, and the difference in the contribution of higher education to labor productivity according to the degree of control for unobservable individual effect was analyzed in this study.
Ⅱ. Theoretical Background
This study examines the relationship between the change of the rate of people with long-term higher education among economically active population and labor productivity on the basis of human capital theory 6 and endogenous growth theory. 7 Harbison & Myers(1964) took a macro look at the relationship between regular education and economic growth in the level of a nation. They estimated the level of contribution of the educational development to economic growth by analyzing the correlation between composite index and GNP per capita.
Many researches looking at the relationship between regular education and economic growth took a relatively simple statistical approach to compare and provide indices for educational development and other socioeconomic indices (Harbison & Myers, 1964 ; Johns et al., 1983) . This is to estimate the degree of contribution of educational development to economic growth by analyzing correlations between the number of students per class, which reveals the educational development, educational cost per a person, which is an index to show the level of investment in education, and GNP per capita, which shows the economic growth. They suggested that there are considerably positive correlations between the level of education and economic growth, and thus education is significantly related to economic growth.
4 Panel data is very effective for designing research models because it has as much observed value as nT by collecting population number n of year t (Dougherty, 2006) . 5 The use of panel data can solve the problem of parametric bias caused by the typical effect of individual companies. In other words, the net effect of the quantitative level of human capital on labor productivity as time passes can be exactly estimated by fixing the constant characteristics of individual companies and controlling the population effect. 6 Human capital theory attempt to explain the relations between education and income with the concept of human capital (Il Woo Paik, 2007 The research mentioned above suggests that educational development brings economic growth by analyzing the correlation between indices for educational development and GNP per capita using cross-section data. However, the coefficient from the cross-section data could not explore a clear cause and effect if educational development causes economic growth or vise versa. That is to say, whether economically developed countries invested more in education or they could develop because they invested more in education cannot be proved with clearly.
However, the implications of those researches are drawn by looking at the relationship between long-term regular school education and economic growth considering the features of human capital, from a macro-point of view at a national level. This way, they suggested the significance of the investment in human capital.
Additionally, they provided directions to many researchers in various fields looking at the effect of education from a macro-point of view.
Jeong(1988) specifically divided the degree of contribution to economic growth per school and analyzed it.
He clarified the influence that the gradual quantitative growth of Korean education from 1955 to 1985 had on the total amount scale of economic growth and economic growth per industry. Furthermore, he mentioned that the increase in the rate of enrollment in elementary school had a positive effect on total economic calculation, specifically in manufacturing industry or mining industry. Meanwhile, the increase in the rate of enrollment in middle school education did not have a meaningful influence on whereas it had a positive influence on agriculture and fishing industry and negative influence on manufacturing industry or service industry. The increase of the rate of enrollment for high school education had an effect on the total economic productivity.
However, the coefficient from the cross-section data could not clearly settle the exact cause and effect of whether educational development causes economic growth or vise versa, and many of the researches use GNP per capita as an index for economic development. Although researches need to be conducted to study the importance of human capital investment using various indices for economic growth, they use only GNP per capita as a proxy variable of economic growth. Moreover, middle school education in Korea is mandatory. This study assesses the degree of contribution of higher education to labor productivity establishing longterm company-based panel data in order to overcome the limitations of research data and research method in precedent researches. In other words, this study fixes the constantly occurring features of individual companies and controls the unobservable entity effect to grasp the features of individual companies over time. Then, this study analyzes the relationship between the change of the rate of people with higher education among economically active population and labor productivity per person in order to assess the degree of contribution of higher education to labor productivity.
III. Research Methods

Analysis Data
This study used the data from Korea Information Service-Financial Accounting Systems (KIS-FAS), a representative panel data managed by the government. KIS-FAS possesses financial information of companies from 1990 to 2009 listed on Korea Stock Exchange. 8 Using this information, research on the effect of the change of the rate of people with higher education among economically active population, accumulated human capital in other words, on the labor productivity can be conducted for an extended period of time.
That is to say, the influence that the long-term change of the rate of people with higher education among economically active population has on labor productivity of companies, considering the features of human capital, can be observed. The information for the change of higher education is statistical information from National Statistical Office on the percentage of people with higher education out of the economically active population. 9 The reason why this study examined the rate of people with higher education out of economically active population is that middle school education in Korea is mandatory. The rate of enrollment for middle school since 1990 in Korea is exceeding 87%(Korean Education Statistics Yearbook, 2009). For this reason, only the rate of people with higher education out of economically active population was considered to see how labor productivity changes as the rate of people with higher education among workforce increases. Table 2 shows the names of research variables and how to apply them. The static unequal distribution, which reflects the geometrical growth of the sales, was transformed to natural logarithm normal distribution by taking natural logarithm on the sales per firm. As a result, the linear regression analysis using dependent variables normally distributed with natural logarithm makes the statistics verification of regression coefficient easier because the error term of a regression model is normally distributed. 10 A dependent variable takes natural logarithm on the sales per a firm. The static unequal distribution, which reflects the geometrical growth of the sales, was transformed to natural logarithm normal distribution by taking natural logarithm on the sales per a firm. As a result, the linear regression analysis using dependent variables normally distributed with natural logarithm makes the statistics verification of regression coefficient easier because the error term of a regression model is normally distributed.
Proportion of incentives (INC)
Proportion of the incentives per quarter (%) 2) Explanatory Variables Table 4 shows the descriptive statistics of independent variables. 
Research Model
1) Basic Statistics Model
When analyzing the effect of higher education on the economic outcome of a company, the period for the accumulated human capital through educational training to have an effect on the economic outcome of a company should be considered enough. For this reason, a long-term development model is necessary to examine the causality between the long-term investment in higher education and the improvement of labor productivity along with its impact.
Cobb-Douglas production function is a representative production function comparable with assuming constant return to scale as long-term functions. The 'long-term' here means a significantly long period, such as 10 years, 20 years, 30years, or more. Cobb-douglas production function can be given enough time to change every input factor as well as to be replicated, so as to be able to accept the primary quantic production function.
Thus, this study used endogenous growth theory as a Cobb-douglas production function model, which is a long-term relationship model between the change of the rate of people with higher education among economically active population and labor productivity.
(1) * = firm , * = year *L= the number of labor, *Q=gross sales *EDU= the level of education
The error term ( ) cannot be observed as in formula (1), but the original capacity of a firm (the level of technology, etc.), culture, or tradition that can have a correlation with an explanation variable can be included.
* = firm , * = year
If the typical regression analysis is used without considering the effect of a firm ( ), the estimation coefficient for the economic achievement of a firm affected by the change of higher education can be biased. Most of the previous research applied estimated models using panel data to solve the problem of endogeneity (Kim, 2002; Lee, Kim, 2004; No, Jeong, 2006) .
2) Research Model
The overall model for this study is shown in Table 5 . The subject of inquiry for this study is whether the long-term change in higher education contributes to the improvement of labor productivity from the perspective of human capital theory. The first hypothesis is that the change in higher education is randomly determined and brings the improvement of labor productivity. This model is appropriate when the change in higher education is randomly determined and has nothing to do with errors including unobservable variables.
If it is related to errors, that is to say, the variable for higher education (LnEDU) has errors ( ) and correlation, a model to solve the problem of endogeneity is necessary because the estimation without considering the fact that unobservable variables of companies have an effect on the change in higher education and production can be biased.
In this model, , unchangeable and unobservable features of companies having influence on labor productivity, is included in the errors. If has correlation with other independent variables having an effect on the change in higher education, fixed effects model was used for estimation. If does not have correlation with other independent variables, random effect model was used for estimation. Table 6 shows the analysis of correlation between the change in economically active population and the sales per person for 18 years. The result reveals that there exists a highly positive correlation for 18 years from 1990 to 2007. Table 6 . Analysis of correlation between the change of economically active population and the sales per Table 7 shows economically active population with more than college education, the sales per person, and the average sales of companies. In order to examine the change in labor productivity in relation to the rate of people with higher education by year, labor productivity per person (the sales per person)
IV. Study Results
Analysis of correlation between labor productivity and higher education ratio
The change of labor productivity to higher education ratio by year
was discounted by present value. Figure 1 and Figure 2 show the change in labor productivity to the rate of people with higher education among economically active population by year. The increase of human capital is influenced by the improvement of overall degree of regular school education (Card & economically active population is related with labor productivity for 18 years by year. Figure 1 shows the change in the number of people with higher education among economically active population and the average sales of companies. Both of them are generally increasing. In particular, there was quantitative expansion of higher education in Korea since 1980s, such as quota in college graduates, all-day school week in colleges, the expansion of entrance quota, and the expansion of Korea National Open University (Kang, 1988) . The proportion of people with higher education out of economically active population by year and the average sales of companies show similar patterns.
This result has something in common with previous researches on the positive effect of the change of the rate of people with higher education among economically active population on the economic development of Korea (Barro & Lee, 1994; Kim et al., 1997; Jang, 2007) . Table 8 and Table 9 illustrate how the rate of people with higher education has an effect on labor productivity (the sales per person) using panel data. According to the LM (Lang range Multiplier) verification result by Breusch and Pagan(1980) , (1)=12482.822** rejects the null hypothesis ( ), which reveals the dispersion, that is, the effect among entities does exist. The verification result by Hausman (1978), too, shows that (5)=115.000** rejects the null hypothesis ( ), the effect among entities having something to do with independent variables. Judging from these results, it is desirable to examine the analysis result focusing on the fixed effect.
According to the analysis result of the fixed effect, the increase of the number of economically active population with more than college education has a positive effect on labor productivity (the sales per person).
This result is very significant because it came out considering unobservable features of companies like capabilities. However, the resulting value of the fixed effect lost the degree of freedom, so the precision of estimation is low compared to the one of random effect, as long as there is no problem with endogeneity (Greene, 2003) . Also, the resulting value of the fixed effect can be biased because it includes the explanation of time-variant variables (Cameron & Trivedi, 2005) . Thus, POLS and random effect (RE) are provided together in this study.
The analysis result of the panel data reveals that the increase of economically active population with more than college education has positive influence on labor productivity (the sales per person). In other words, the positive correlation between them was reinforced by solving the problems of short-term data and analysis method mentioned as limitations in previous researches. This result is meaningful in that it solved the problem of parametric bias and proved that long-term investment in human resource development can increase the labor productivity of companies. 
V. Conclusions & Suggestions
Based on the results mentioned above, the conclusions are as follow.
First, the increase of the number of people with long-term higher education has a positive effect on labor productivity. According to the sales of companies and the change of the rate of people with higher education among economically active population by KIS-FAS, the correlation shows constant increase. The labor productivity can increase when the government or companies work on human resource development on a longterm basis.
Second, the average sales of companies in 1997 shows decrease whereas the sales per person shows increase. The increase of the rate of people with higher education among economically active population, highquality human capital in other words, might have been the reason.
Third, the knowledge and skills acquired by investment in education is regarded to have been operated Fourth, the investment in capital by companies increase labor productivity. According to the analysis result of panel data from KIS-FAS considering capacities of companies, which is regarded to play an important role in labor productivity, the capital intensity per person has a positive influence on the increase of labor productivity.
Fifth, the organization of work and the system of personnel affairs have a positive effect on labor productivity, which Zwick. et al. (2005) , Wright et al. (2005) and Dearden et al. (2005) pointed out. In particular, among the variables showing the features of the organization of work and the system of personnel affairs, reward has a positive impact on labor productivity. The reason is thought to be that a reward system provides incentives to cultivate human capital or skills.
On the basis of these results, the suggestions for the follow-up research are as follows.
First, more researches on education in Korea since the period when Korea entered the international labor market should be conducted. They will be accumulated to provide more information and suggestions to the government and companies.
Second, the factors affecting labor productivity should be analyzed in the level of not only companies but also individuals.
